Abstract: This article presents the application of augmented reality through the use of devices in the valorisation of the geological heritage of six known geosites of the Jurassic or Cretaceous age, located in the South-East (SE) of the province of Burgos (Castilla y León, Spain). Using augmented reality techniques, geomatic resources have been developed that allow real-time interaction with different thematic layers (e.g., cartography, digital terrain model, etc.). Using these techniques, this paper proposes a virtual route in Google Earth and a Field Trip Guide with a detailed description of each site and suggested activities for educational use and one free geoapp. These geosites comprise three zones with deposits of dinosaur ichnites and three other sectors with marine fossils (Jurassic limestones), fossil trees, or singular karstic landscapes. The globalization of geodatabases allows the intelligent use of geo-resources and their use for tourism, didactic and scientific purposes.
Introduction
The study of Earth sciences includes different disciplines related to geology, such as geomorphology, palaeontology, tectonics and stratigraphy, as well as the analysis and observation of geological structures, materials and geodynamic processes that give rise to sedimentary and fossil forms and structures.
In recent decades, particular effort has been made to preserve the natural environment, classifying and paying special attention to endangered plant and animal species. At the same time, rural tourism has been developed, which has increased knowledge of natural areas and made the population aware of its pollution and deterioration. For this reason, most countries are expanding an increasingly specific legislation to protect this natural inheritance and promote geoconservation.
The analysis of geological heritage complements in a very effective way the didactic approach from itineraries and field practices where the participants are immersed in the geological heritage of the area in which they live [1] [2] [3] . It is important that fieldwork is not seen as a secondary activity but as a fundamental part of the curriculum. In addition, the attitudes of fieldwork and the concepts of geology help to understand and interpret the natural environment. Promoting knowledge of this field is fundamental to understanding concepts of geological structures, enhancing the didactic activities of research in class or extracurricular activities (fieldwork) and promoting the observation capacity and discussion of anthropic problems in the natural world [4] [5] [6] [7] [8] [9] .
This work presents a route through the province of Burgos (Spain), which includes six stops at geological sites of the Jurassic and Cretaceous ages, where the different geosites are valued and analysed and a field notebook with information on the scientific, didactic, and/or touristic interest of each zone is elaborated, including geo-resources and interactive geomatic applications [10] [11] [12] [13] [14] [15] . The use of augmented reality with free platforms such as Google Earth enables the visualization of the route and facilitates the understanding of geological spatial distribution, including interpretations and photographs.
The quantitative methodologies of valuation of the geological heritage that calculate the scientific, educational and touristic value of the geosites do not have a broad international consensus, there being discussions about the parameters, weights and weighting coefficients [16] [17] [18] [19] .
The main objective is to value the geological and natural heritage through a procedure that allows participants (tourists, students, etc.) to participate in an active and very simple way in learning theoretical concepts of Earth Sciences [20] [21] [22] [23] . The aim is to highlight the value of the geological inheritance of a natural area through the creation of a virtual itinerary by implementing augmented reality and evaluating geosites according to their scientific, didactic and tourist-cultural interest. For this, geomatics resources are developed so that participants can interact in "real time" with different thematic layers, virtual reality developed with Google Earth, flight simulators, guides and field notebook with activities, besides facilitating the use of a geoapp created for smartphones, generating learning based on the use of new technologies of great social acceptance [24] [25] [26] [27] .
Materials and Methods

Study Area and Geological Context
The itinerary takes place in the southeast of the province of Burgos (Castilla y León, Spain) ( Figure 1 ) with the idea that potential participants can have the opportunity to discover the geological heritage of the place that will serve as a base for other heritage: biological, ecological and cultural. The analysis and distribution of the different geological materials in this area reveal its evolution over time based on paleoenvironmental and paleogeographic information. The oldest materials are dated from the Upper Jurassic, corresponding to sandy limestones of marine origin (about 166.1-168.3 million years (m.y.) old) and the most modern correspond to limestones and continental marls of the Upper Cretaceous (about 93.9-100.5 m.y. old). The geosites of the itinerary date from the same period, which enables the creation of a global vision of the evolution of life in the study area (Figure 2 ). We found marine evidence of the Upper Jurassic as bivalve shells in sandy limestones but only a few kilometres from the area we have conglomerates and limestones from the Lower Cretaceous with dinosaur footprints and evidence of the lacustrine environment in which they lived. The most modern evidence included in the itinerary corresponds to the remains of a podocarpaceous tree several meters high typical of a terrestrial forest ecosystem dating from the Upper Cretaceous.
The analysis and distribution of the different geological materials in this area reveal its evolution over time based on paleoenvironmental and paleogeographic information. The oldest materials are dated from the Upper Jurassic, corresponding to sandy limestones of marine origin (about 166.1-168.3 million years (m.y.) old) and the most modern correspond to limestones and continental marls of the Upper Cretaceous (about 93.9-100.5 m.y. old). The geosites of the itinerary date from the same period, which enables the creation of a global vision of the evolution of life in the study area ( Figure 2 ). We found marine evidence of the Upper Jurassic as bivalve shells in sandy limestones but only a few kilometres from the area we have conglomerates and limestones from the Lower Cretaceous with dinosaur footprints and evidence of the lacustrine environment in which they lived. The most modern evidence included in the itinerary corresponds to the remains of a podocarpaceous tree several meters high typical of a terrestrial forest ecosystem dating from the Upper Cretaceous.
Thanks to the terrestrial dynamics, the study area has evolved along with the living organisms that inhabited it. As a result of the Alpine orogeny, the geomorphology of the area was formed, marked by limestone banks that have been eroded by rivers and streams. To identify the geosites, several field trips and bibliographic analyses were carried out (scientific articles and theses), generating a description and synthesis in sheets for each geosite, including their coordinates and a geological description of interest, photographs, interpretive schemes and so forth. 
Inventory and Valuation of Geosites
First, we proceed to identify, classify and evaluate the different geosites that are included in the geological itinerary. Six stops are identified and the valuation is based on assigning between 0 and 4 points to a total of 18 parameters (Table 1) related to the geosite [24] , namely: representativeness, character of type locality, scientific importance, conservation, observation conditions, rarity, geological diversity, educational use, infrastructures in the area, population density, accessibility, size, association with other eco-cultural elements, beauty, informative content/use, potentiality to carry out informative activities, proximity to recreational areas and socioeconomic environment. Thanks to the terrestrial dynamics, the study area has evolved along with the living organisms that inhabited it. As a result of the Alpine orogeny, the geomorphology of the area was formed, marked by limestone banks that have been eroded by rivers and streams. To identify the geosites, several field trips and bibliographic analyses were carried out (scientific articles and theses), generating a description and synthesis in sheets for each geosite, including their coordinates and a geological description of interest, photographs, interpretive schemes and so forth.
First, we proceed to identify, classify and evaluate the different geosites that are included in the geological itinerary. Six stops are identified and the valuation is based on assigning between 0 and 4 points to a total of 18 parameters (Table 1 ) related to the geosite [24] , namely: representativeness, character of type locality, scientific importance, conservation, observation conditions, rarity, geological diversity, educational use, infrastructures in the area, population density, accessibility, size, association with other eco-cultural elements, beauty, informative content/use, potentiality to carry out informative activities, proximity to recreational areas and socioeconomic environment. 
Parameters Intrinsic Value
Proximity to recreational areas (demand immediate potential) Linked to the potential number of visits and the increased potential for vandalism
Use value and protection Place located more than 5 km from recreational areas (campsites, beaches, etc.) 0 Geosite located within 5 km of a recreational area (campsites, popular beaches, national or natural parks and visitor centres) 1 Geosite located within 2 km of a recreational area 2 Geosite situated within 500 m of a recreational area 4 Socioeconomic setting. Socioeconomic conditions that favour its use as a factor of local development Use value Region with indices of income per capita, education and occupation above the regional average 0 Region with per capita income levels, education and occupation similar to the regional average but below the national average 1 Region with per capita income levels, education and occupation below the regional average 2 Site located in a region with socioeconomic decline 4
The data obtained for each parameter is multiplied by different weighting coefficients depending on the type of value (scientific, didactic, or tourist) that is being calculated ( Table 2 ). For the scientific evaluation, a maximum weight of 30 points is assigned to representativeness, followed by a maximum weight of 15 points for the degree of scientific knowledge of the place and the rarity, and, finally, the character of the locality type, conservation status, observation conditions and geological diversity each have a maximum weight of 10 points. For the didactic evaluation, a maximum weight of 20 points is assigned to the content or didactic use detectable, followed by of 15 points for the logistical infrastructure, 10 points for the accessibility and geological diversity and 5 points for representativeness, the degree of the type locality, the state of conservation, among others. For the tourist valuation, a maximum weight of 20 points is assigned to spectacularity or beauty, followed by a maximum of 15 points for the size of the GIP and the content or informative use, with 10 points for the accessibility and a maximum value of 5 points for observation conditions, logistics infrastructure and population density, among others.
The geosites that have been valued are the Deposit of Las Sereas 7 (P1), La Pedraja (P2), Cubillejo (P3), Quarry of Jurassic Limestones (P4), Costalomo (P5) and Fossil tree of Matalaguna (P6) (Figure 1 ). Once identified, catalogued and valued, the six geosites that constitute the itinerary stops are georeferenced in the free Google Earth application in "kml" format. The application allows us to change the icon and assign different colours depending on the type of heritage interest, for example, if we want to combine a geological route with a gastronomic one ( Figure 3A) . Next, the geological map on the 3D virtual globe is superimposed to relate the lithology of each place of interest. To facilitate the augmented reality, representative images, information sheets with their description and specific cartography, for example, the geomorphological geosite and schemes and interpretations of the geosites observable in the real terrain are geolocated at each stop, while the mobile application analyses their interpretation ( Figure 3B,D) . In this way, augmented reality enables a better understanding and vision of the contents on the itinerary that will guide us through the different geosites in digital flight. This spatial journey along the geography and on the orthophoto that our mobile device loads thanks to the use of integrated GPS allows the participant to interact with the geological, natural and even cultural heritage that is presented on the route, since this itinerary allows you to load more Google Earth's own layers, such as interest places, roads, urban areas, all over the orthophoto projected on the 3D globe. The route is decided by the participant, who chooses and analyses the geosite's subscription by clicking on the "Kml," the text appears on the virtual balloon and under the description you can click "From here" and then choose the geosite where you want to go by clicking on "To here" ( Figure 3B ). With this, the mobile device calculates and draws the route based on Google Earth's geodatabase, tracing the shortest route over the orthophoto or over the thematic cartography that has been superimposed. To these cartographies you can apply a grade of transparency that allows you to observe the orthophoto ( Figure 3C,D) . This itinerary, implementing augmented reality, can be recorded, saved and played with Google Earth. It also allows us to make a flight or virtual route on the geological map, where the user interacts with the geological and natural heritage as if it were a game, being able to choose different types of aircraft ( Figure 4C ) and start the flight taking off from different airports worldwide or flying over the sector where the geosites are located. These virtual flights can be recorded using the Google Earth platform and can be played in different formats (avi., Mpeg.). In addition, they are compatible with a wide range of technologies (DVD players, smartphones, computers, tablets, etc.). From an educational point of view, this procedure allows participants to create a very familiar environment for young people, especially because of their similarity with videogames, increasing their interest in the route. A joystick can be connected to the application via a USB port to generate a feeling of greater reality, as if it were the cabin of a real plane ( Figure 4D ).
Geoheritage and Georesources in Augmented Reality
To generate descriptive and graphic material (images, diagrams and photographs), several field trips were made and a bibliography of the area and the subject was compiled. Information sheets and questionnaires for each geosite were designed. This information is grouped into cards that include basic information to interpret the geosite, its location, representative images and the evaluation of scientific, didactic and tourist-recreational interest. The operation of Google Earth allows interaction with the mobile device (smartphone, tablet, iPod) by analysing the difficulty of the journey by obtaining the route information with an elevation profile ( Figure 4A ), which is obtained from the option "show elevation profile" in the table of content on the left side of the window. In addition, the Google Earth platform can integrate the Street View application ( Figure 4B ), a Google Maps application, which allows profiles to be virtually analysed from the road by car, bus, or walking, taking advantage of GPS as a navigator indicating if the sound volume of the device activates the route by turning directions (right/left) and the name of the streets and roads by audio and visually on the map with the geolocated geosites, providing the route, the distance and the estimated time ( Figure 3C ).
This itinerary, implementing augmented reality, can be recorded, saved and played with Google Earth. It also allows us to make a flight or virtual route on the geological map, where the user interacts with the geological and natural heritage as if it were a game, being able to choose different types of aircraft ( Figure 4C ) and start the flight taking off from different airports worldwide or flying over the
sector where the geosites are located. These virtual flights can be recorded using the Google Earth platform and can be played in different formats (avi., Mpeg.). In addition, they are compatible with a wide range of technologies (DVD players, smartphones, computers, tablets, etc.). From an educational point of view, this procedure allows participants to create a very familiar environment for young people, especially because of their similarity with videogames, increasing their interest in the route. A joystick can be connected to the application via a USB port to generate a feeling of greater reality, as if it were the cabin of a real plane ( Figure 4D ). In addition, a field guide has been prepared in a downloadable "pdf" format for some geosites with questions addressed to participants who, in order to answer them, must observe and interpret the forms, geological materials, structures and fossil footprints of each stop in the itinerary [28] [29] [30] [31] . These documents include recommendations about the importance of the geological heritage, the considerations necessary for its preservation and a notice prohibiting of plunder or damage to the heritage resources.
A free "geoapp" application for Android, which only needs internet access for download and update, has also be been developed. In the application the route is introduced and a predetermined itinerary is proposed, so that it can be used as a teaching resource by the participants and the information of each geosite is included in English and Spanish, enabling and adapting the itinerary to participants from other countries or bilinguals. This application has been designed using comments which emphasize the importance of the preservation of the geological heritage, motivating the notification of any damage or theft to the competent authorities. It is a tool that can streamline the process of action and try to improve the preservation of heritage.
The creation of the geoapp is done with a free application of the many available on the web and begins by giving the option to choose up to four types of wallpaper, in our case we chose the simplest to favour highlight text information and graphics. Next, an introduction in several languages is generated with a menu-like listing of the different geosites. Each one offers a link to a new window in which their characteristics are described; including diagrams, sheets, figures and photographs and some questionnaires where the participant can appreciate the degree of understanding reached. Finally, there is the option of being able to report incidents and share comments on social networks. 
Results and Discussion
Geological Itinerary
Geoheritage and Georesources in Augmented Reality
To generate descriptive and graphic material (images, diagrams and photographs), several field trips were made and a bibliography of the area and the subject was compiled. Information sheets and questionnaires for each geosite were designed. This information is grouped into cards that include basic information to interpret the geosite, its location, representative images and the evaluation of scientific, didactic and tourist-recreational interest.
In addition, a field guide has been prepared in a downloadable "pdf" format for some geosites with questions addressed to participants who, in order to answer them, must observe and interpret the forms, geological materials, structures and fossil footprints of each stop in the itinerary [28] [29] [30] [31] . These documents include recommendations about the importance of the geological heritage, the considerations necessary for its preservation and a notice prohibiting of plunder or damage to the heritage resources.
A free "geoapp" application for Android, which only needs internet access for download and update, has also be been developed. In the application the route is introduced and a predetermined itinerary is proposed, so that it can be used as a teaching resource by the participants and the information of each geosite is included in English and Spanish, enabling and adapting the itinerary to participants from other countries or bilinguals. This application has been designed using comments which emphasize the importance of the preservation of the geological heritage, motivating the notification of any damage or theft to the competent authorities. It is a tool that can streamline the process of action and try to improve the preservation of heritage. The creation of the geoapp is done with a free application of the many available on the web and begins by giving the option to choose up to four types of wallpaper, in our case we chose the simplest to favour highlight text information and graphics. Next, an introduction in several languages is generated with a menu-like listing of the different geosites. Each one offers a link to a new window in which their characteristics are described; including diagrams, sheets, figures and photographs and some questionnaires where the participant can appreciate the degree of understanding reached. Finally, there is the option of being able to report incidents and share comments on social networks.
Results and Discussion
Geological Itinerary
Six geosites have been selected near the town of Salas de los Infantes, four easily accessible from the road and two requiring a short walk. These geosites are in a natural environment, relatively far from rural nuclei, which allows the visitor to discover an area of great beauty and multiple interests, featuring not only geological processes and structures but also natural phenomena with unique flora and fauna and cultural heritage, such as the Visigothic church of Quintanilla de las Viñas, or the nearby Monastery of Santo Domingo de Silos, as well as tourist activities such as museums, theme parks and so forth. The selected geosites are:
1. Site of Las Sereas 7 with dinosaur footprints. Located in the municipality of Quintanilla de las Viñas (Burgos) dated to an age of 145 m.y. corresponding to the Lower Cretaceous. The site constitutes the western part of the Las Sereas deposit, 5 km long and divided into several points ( Figure 5A,B) . The site has 60 very well preserved ichnites. Ichnites of Sauropods (herbivores), of Terópodos (carnivores) and of Ornitópodos (herbivores) are also present. This geosite is complemented by the great biodiversity of raptors (vultures) and plant species (junipers and olive trees), as well as being close to the Visigothic Church of Santa María (7th-8th century).
2. La Pedraja site with dinosaur footprints. Located in Mambrillas de Lara, on a small slope at the foot of the road. It represents the eastern edge of the Sereas area. This site presents dinosaur ichnites Sauropods, Theropods and Ornithopods, discovered in 1982 and declared an Asset of Cultural Interest for its paleontological interest ( Figure 5C,D) . The site is composed of 2 rocky levels with a total of 23 ichnites or fossil footprints of dinosaurs, where most of the tracks are isolated since there is only one trace formed by 3 ichnites. A fiberglass reconstruction of the large dinosaur that would have stepped there is also presented ( Figure 5E ). The reconstruction measures 12.5 m long and almost 4 high.
3. Cubillejo. Located in the municipality of Quintanilla de las Viñas, it has an age of 93-100 m.y. of the Upper Cretaceous ( Figure 5F ). The stop is next to a small town called Cubillejo, it constitutes folded materials in a NW-SE direction with an alternation of limestones and marls from the Upper Cretaceous. These limestones have advanced stages of dissolution by rainwater generating karren-type landscapes. They complement this parade of Palaeolithic remains.
4. Jurassic limestone quarry with marine invertebrates. Limestone aged 166-168 m.y. corresponding to the Upper Jurassic and constitutes thrusts generated in the Alpine relief. They are sandy limestones, marls and marine dolomites and represent a marine environment with little depth. There are marine fossils ( Figure 5G ) that have been little transported since they present low fragmentation and abrasion. The most abundant are Pectinids, remnants of Equinids, Brachiopods, Ammonites, Belemnitids and Crinoids.
5. Costalomo, a reservoir featuring dinosaur ichnites that are preserved in an unusual manner. Located in the municipality of Salas de los Infantes with an age of 132-139 m.y. corresponding to the lower Cretaceous ( Figure 5H ). This site is considered unique in the world due to the peculiarities of its conservation as a positive relief on the strata of sands and conglomerates (Facies Utrillas). It was declared an Asset of Cultural Interest in 2005. The dinosaur footprints are presented as reliefs that protrude from the sandstone layer and not as cavities as is typical of dinosaur footprints [27] . 6 . Matalaguna fossil tree. This site is located in the municipality of Castrillo de la Reina with an age of 132-139 m.y., of the Lower Cretaceous. This deposit represents one of largest examples of a fossilized tree ( Figure 5I) . A fossil trunk of 16.5 m is well preserved inside an enclosure built in 2010 to protect it from erosion. The vegetal structure has been silicified and manages to preserve the details of the bark. It was an evergreen tree of the proto-podocarpaceae family, corresponding to the current austral pine, which lived in this marshy area. The results obtained in the global assessment of the 18 parameters are observed in Table 1 and their assessment by scientific, educational, or tourist-cultural interest is included in Table 2 . The results of the evaluation are shown in Tables 3 and 4.   Table 3 . Geosite values. Total  38  38  26  28  29  30   Table 4 . Scientific, didactic and tourist-cultural interest. 1  2  3  4  5  6   Scientific interest  215  225  170  110  210  190  Didactic interest  250  250  130  250  165  210  Tourist-cultural interest  205  200  145  145  125  135  Total  670  675  445  505  500  535 The geosites 2 (La Pedraja) and 1 (Las Sereas 7) achieve the highest valuation, with 675 and 670 points. Their scientific, educational and tourist-cultural values are very similar, since they are part of the same facies, separated by several km and in both have structures to protect them, as well as informative panels for the general public on the meaning of the dinosaur ichnite that characterize the geosites. Geosite 3 (Cubillejo) is the one with the lowest value of 445. Despite its high scientific interest, it presents access difficulties, which limits its educational and touristic use. Geosite 6, with a total of 535 points, is also remarkable, since the presence of a large fallen fossil tree, with an exceptional state of conservation and ease of access, provides a high educational value (it has been visited by university students for years) and touristic (there is good access to the geosite, which also has a protective structure).
Geosites
1 2 3 4 5 6 Representativeness 2 2 1 2 4 2 Character type locality 2 1 1 1 4 1 Degree of scientific knowledge of the location 2 4 1 2 4 0 State of conservation 2 4 4 1 4 4 Viewing conditions 4 4 4 4 2 4 Rarity 2 1 1 2 4 4 Geological diversity 0 2 2 2 2 1 Learning objectives/educational use 4 2 1 2 2 2 Logistics infrastructure 4 2 1 4 1 4 Population density 1 1 1 1 1 1 Accessibility 2 4 0 4 1 1 Intrinsic fragility (geosite size) 1 2 4 1 1 1 Association with elements natural and/or cultural 2 2 2 1 0 1 Beauty or spectacularity 2 2 1 2 2 2 Informative content/use 4 2 1 2 4 2 Potential for tourism/recreation activities 2 2 0 2 2 1 Proximity to recreational areas 1 2 0 2 0 1 Socioeconomic environment 1 1 1 1 1 1
Georesources Implemented in the Augmented Reality
3D Virtual Itinerary with Google Earth
Using Google Earth, the geosites, georeferenced with representative images and descriptive information and assessment of the geological heritage and their scientific, didactic and tourist-recreational interest, are incorporated into the itinerary ( Figure 6A) . A SW-NE geological section is selected that analyses the arrangement of the geological materials of the first three geosites (left of the geologic profile) and of the last three (right geologic profile). This allows the participants to visualize the geological context, the events that have taken place in this sector (folds and faults) and the relationships between the places of interest ( Figure 6B,C) . In addition, from the archives of the stops, the itinerary can be modified in real time. A field guide was prepared for the participants in "pdf" format with activities and questionnaires on singular aspects of the geosites, increasing the interactivity between what is actually seen in the geosite and the previous knowledge of each person, allowing participants to advance their knowledge with images, interpretations and to explore issues actively. A 3D virtual flight has been realized that can be implemented in mobile devices generating geomatic applications that create a geospatial vision that interacts with the georeferenced geosites on the 3D virtual globe of Google Earth and visualizes the geosites in the terrain ( Figure 7 ) and can analyse, using augmented reality, the interpretations, evaluations and so forth and improve the understanding of the geoheritage. In addition, the GPS integrated in these devices has allowed us to interact with Google Maps and observe the location of each geosite with Street View, generate the elevation profile and the difficulty of the route: slopes, times, distances and so forth, ( Figure 4A ) and trace the georeferenced route between different geosites ( Figure 3C ). The virtual flight generated with the Google Earth platform presents "on the fly" descriptions and photographs, so that the participant can search for said information that they see in the already interpreted mobile device (augmented reality) and the view of the terrain in real time. The virtual flight has been recorded as a "Kml" file of Google Earth, which will allow any user to reproduce it. Videos have been made (see Supplementary Materials), which show in detail the itinerary, approaching and moving away through the virtual globe. They have been transformed into "avi," "mp4," or "mpeg" format and can be incorporated and played in any media player (TV, iPod, etc.). A 3D virtual flight has been realized that can be implemented in mobile devices generating geomatic applications that create a geospatial vision that interacts with the georeferenced geosites on the 3D virtual globe of Google Earth and visualizes the geosites in the terrain ( Figure 7 ) and can analyse, using augmented reality, the interpretations, evaluations and so forth and improve the understanding of the geoheritage. In addition, the GPS integrated in these devices has allowed us to interact with Google Maps and observe the location of each geosite with Street View, generate the elevation profile and the difficulty of the route: slopes, times, distances and so forth, ( Figure 4A ) and trace the georeferenced route between different geosites ( Figure 3C ). The virtual flight generated with the Google Earth platform presents "on the fly" descriptions and photographs, so that the participant can search for said information that they see in the already interpreted mobile device (augmented reality) and the view of the terrain in real time. The virtual flight has been recorded as a "Kml" file of Google Earth, which will allow any user to reproduce it. Videos have been made (see Supplementary Materials), which show in detail the itinerary, approaching and moving away through the virtual globe. They have been transformed into "avi," "mp4," or "mpeg" format and can be incorporated and played in any media player (TV, iPod, etc.). In addition, to facilitate the use of these materials and enhance the geological heritage of the area, a geoapp has been designed for the Android system, downloadable on any mobile device with the "Play Store" application, which displays information organized by geosites and enables the user to execute didactic activities and consult or share information in a comments section. To facilitate the download, a QR code has been included. This geoapp presents a menu ( Figure 8 ) with a series of sections that inform about the route in general, how to carry it out in the proposed order, a temporary outline of the stops, the six stops explained with images that can be enlarged and a "chat" to leave comments for other future users. This section of comments would be used to share images or additional information from visitors, as well as warn of possible deterioration in the conservation of heritage. This chat will encourage users to inform local authorities of issues so that the appropriate measures are taken. Activities in the application are grouped according to their subject. In addition, the application offers the option to share it with your contacts through any application that is installed on the device. The Geoapp is available in Spanish and English, with the purpose of being used by bilingual tourists and any non-Spanish-speaking public. The configuration of the general language of the application depends on the personal configuration of the device, being able to be configured in any desired language. In addition, to facilitate the use of these materials and enhance the geological heritage of the area, a geoapp has been designed for the Android system, downloadable on any mobile device with the "Play Store" application, which displays information organized by geosites and enables the user to execute didactic activities and consult or share information in a comments section. To facilitate the download, a QR code has been included. This geoapp presents a menu ( Figure 8 ) with a series of sections that inform about the route in general, how to carry it out in the proposed order, a temporary outline of the stops, the six stops explained with images that can be enlarged and a "chat" to leave comments for other future users. This section of comments would be used to share images or additional information from visitors, as well as warn of possible deterioration in the conservation of heritage. This chat will encourage users to inform local authorities of issues so that the appropriate measures are taken. Activities in the application are grouped according to their subject. In addition, the application offers the option to share it with your contacts through any application that is installed on the device. The Geoapp is available in Spanish and English, with the purpose of being used by bilingual tourists and any non-Spanish-speaking public. The configuration of the general language of the application depends on the personal configuration of the device, being able to be configured in any desired language. The validation with statistical data of these results in education is being implemented in students of different educational stages (degree and master). At the moment, the procedure applied with 3D virtual routes is satisfactory because of the ease of use and obtaining additional digital documentation about the places that are being visited. The students' response is favourable since they have gone from the traditional excursion with a paper field guide to being able to interact with The validation with statistical data of these results in education is being implemented in students of different educational stages (degree and master). At the moment, the procedure applied with 3D virtual routes is satisfactory because of the ease of use and obtaining additional digital documentation about the places that are being visited. The students' response is favourable since they have gone from the traditional excursion with a paper field guide to being able to interact with one of the most familiar devices for them (smartphone), the teaching-learning procedure being more dynamic. The most common opinion of the participants is that it allows an easy geolocalization of the different geosites about the geological distribution in the territory and it facilitates discovering in the outcrops "in situ," elements of the geological heritage from the downloadable virtual interpretative schemes.
Conclusions
Advances in geomatic resources and the implementation of augmented reality in the improvement and understanding of natural environments from mobile devices allow a considerable improvement in the degree of acquisition of teaching concepts through teaching-learning processes carried out in the medium is natural, especially in matters related to earth sciences. This paper presents a methodology to develop intelligent itineraries in natural areas that values the importance of geological heritage and provides an educational resource with which the concepts are integrated into a geological context.
The use of applications and programs such as those presented help participants to spatially visualize geological maps (geomorphology and stratigraphy) and facilitate the integration of new technologies into society and into certain tourist-teaching environments. These resources stimulate creativity and the rapid acquisition of a collaborative character while promoting the autonomous learning of the students. This methodology provides a practical perspective to the curriculum of secondary education, transmitting information in a simple way to students in a digital format with which they are familiar (videos, images, virtual reality).
The itinerary, comprising six geosites in the area of Salas de los Infantes (Burgos), containing dinosaur images, fossil trees, fossil marine fauna and karstic landscapes of lapiaz identifies and evaluates scientific, educational and tourist-recreational interest, ranging from 445 and 675. In addition, those values are implemented, with the use of Google Earth (geo-referenced and highly interoperable routes), in virtual 3D flights, didactic material and a mobile application. Thanks to the fact that this itinerary is georeferenced with accessible and free software, it can serve as a resource. The work includes a temporary schedule and material to make the itinerary simple and practical.
The geomatics resources of augmented reality should be made available for the development of sustainable geotourism, particularly in vulnerable sectors that require more effort their conservation, and, furthermore, such resources should be considered beneficial for the biological and sociocultural environment of the area.
